Activation of the nuclear hormone receptor peroxisome proliferatoractivated receptor ␦ (PPAR␦) has been shown to improve insulin resistance, adiposity, and plasma HDL levels. However, its antiatherogenic role remains controversial. Here we report atheroprotective effects of PPAR␦ activation in a model of angiotensin II (AngII)-accelerated atherosclerosis, characterized by increased vascular inflammation related to repression of an antiinflammatory corepressor, B cell lymphoma-6 (Bcl-6), and the regulators of G protein-coupled signaling (RGS) proteins RGS4 and RGS5. In this model, administration of the PPAR␦ agonist GW0742 (1 or 10 mg/kg) substantially attenuated AngII-accelerated atherosclerosis without altering blood pressure and increased vascular expression of Bcl-6, RGS4, and RGS5, which was associated with suppression of inflammatory and atherogenic gene expression in the artery. In vitro studies demonstrated similar changes in AngII-treated macrophages: PPAR␦ activation increased both total and free Bcl-6 levels and inhibited AngII activation of MAP kinases, p38, and ERK1/2. These studies uncover crucial proinflammatory mechanisms of AngII and highlight actions of PPAR␦ activation to inhibit AngII signaling, which is atheroprotective.
R
enin-angiotensin aldosterone system (RAAS) activation strongly promotes inflammation and oxidative stress in the arterial wall, accelerating atherosclerosis both in genetically altered atherosclerosis-prone mice and in humans (1) (2) (3) (4) . RAAS inhibition attenuates coronary artery disease (CAD) in mouse models and humans. The decreased risk of CAD and stroke is independent of blood pressure reduction, so multiple strategies to inhibit this critical system are being developed (5) . However, current approaches only modestly inhibit vascular inflammation (6) . Ligands to the peroxisome proliferator-activated receptor (PPAR) family of nuclear receptors have potent antiinflammatory capacity. Activation of PPAR␥ and PPAR␣ inhibits high-fat (HF) diet-induced atherosclerosis in mouse models, as well as in AngII-accelerated atherosclerosis (W.A.H., A.R.C., and R.K.T., unpublished observations). Although ligands of PPAR␦ have been reported to exert antiinflammatory effects in vitro and in vivo, their effects on vascular inflammation and atherosclerosis in mouse models have been inconsistent. This issue is potentially important because PPAR␦ ligands have profound metabolic effects and are currently being tested in clinical trials for therapeutic effects on diabetes and obesity.
PPAR␦ has been implicated in the control of lipid metabolism, energy homeostasis, and obesity (7) (8) (9) . Treatment with a synthetic PPAR␦ agonist substantially improved lipid profiles in mice and monkeys and inhibited diet-induced obesity and insulin resistance by increasing the expression of genes that promote lipid catabolism and mitochondrial uncoupling (7, (9) (10) (11) (12) (13) . Moreover, adipose tissuespecific overexpression of PPAR␦ prevented the development of obesity in db/db mice (9) . The PPAR␦ ligand GW1516 was also shown to increase expression of ABCA1 and induce apoA1-specific cholesterol efflux in human THP-1 monocytes, but not in mouse cells (14) (15) (16) . Despite these beneficial effects, the antiatherogenic effects of PPAR␦ ligands in animal models have been inconsistent (15, 17) . Administration of the PPAR␦ ligand GW0742 in female LDLR Ϫ/Ϫ mice fed a HF diet has been shown to inhibit atherosclerosis (17) . Li et al. (15) , however, reported that GW0742 failed to inhibit atherosclerotic lesion development in male LDLR Ϫ/Ϫ mice on a HF diet, although both PPAR␣ and PPAR␥ ligands significantly inhibited atherosclerosis (15) . Furthermore, studies by Lee et al. (14) demonstrated that LDLR Ϫ/Ϫ mice transplanted with PPAR␦ Ϫ/Ϫ bone marrow developed less atherosclerosis than wildtype bone marrow recipient mice when fed a HF diet. These studies suggested a proatherogenic effect of unliganded PPAR␦, which was reversed by a PPAR␦ agonist or by deletion of PPAR␦. More recently this group demonstrated that GW1516 reduced atherosclerosis in ApoE Ϫ/Ϫ mice by raising HDL and suppressing inflammation (G.D.B., C.-H.L., and R.M.E., unpublished results). The latter action was associated with vascular induction of expression of RGS proteins, which block signal transduction activity of several chemokine receptors, which are coupled to G proteins. We therefore hypothesized that activation of PPAR␦ would prominently inhibit atherosclerosis in an AngII, G protein-mediated proinflammatory model of AngII-accelerated atherosclerosis. Indeed, these results may be highly relevant to the accelerated atherosclerosis associated with the metabolic syndrome, in which both adipose and vascular tissue produce AngII, which may lead to RAAS activation (18) (19) (20) (21) (22) . We now report that PPAR␦ and RAAS signaling intersect. We found that AngII treatment increased PPAR␦:Bcl-6 complex formation, a mechanism that has previously been proposed to attenuate Bcl-6-mediated repression of proinflammatory genes. PPAR␦ activation also regulates vascular RGS expression and inhibits proinflammatory and proatherogenic pathways to attenuate AngII-accelerated atherosclerosis.
Results

PPAR␦ Is Expressed in the Vessel
Wall and Attenuates AngII-Accelerated Atherosclerosis. Both PPAR␦ mRNA and protein were expressed in the artery wall. After 4 weeks of treatment, vascular PPAR␦ mRNA expression was significantly increased (40%) in HF-fed mice compared with mice fed a chow diet (data not shown), but AngII infusion did not further increase PPAR␦ mRNA expres-sion (Fig. 1A) . However, mice treated with AngII and the angiotensin II type 1 (AT1) receptor blocker valsartan had significantly less vascular PPAR␦ expression than mice treated with a HF diet or a HF diet plus AngII (data not shown). Aorta cross sections immunostained with PPAR␦-specific antibodies revealed that PPAR␦ protein expression localized predominantly in macrophage-rich areas of atherosclerotic lesions and, to a lesser extent, in vascular smooth muscle cells in the media (Fig. 1B) .
To investigate the effect of PPAR␦ activation on accelerated atherosclerosis, LDLR Ϫ/Ϫ mice were infused with AngII or PBS and fed a HF diet, with or without GW0742. At 4 weeks, AngII infusion prominently increased mean systolic blood pressure (47%) compared with PBS-infused mice, whereas GW0742 treatment had no effect on blood pressure ( Table 1 ). The effect of PPAR␦ agonist on AngII-accelerated atherosclerosis was quantified by en face analysis. At 4 weeks, HF/PBS-treated mice had mean aortic atherosclerotic lesion areas of Ϸ2%, whereas HF/AngII-treated mice had mean lesions areas of Ϸ27% ( Fig. 1 C and D) . GW0742 treatment, at both 1 and 10 mg/kg (mpk), significantly inhibited (Ϸ70%) AngII induction of atherosclerotic lesion area but did not alter vascular PPAR␦ expression.
PPAR␦ Ligand Treatment Improves Hypertriglyceridemia, but Not
Hypercholesterolemia, and Decreases Inflammatory Adipokines. As shown in Table 1 , treatment with 1 and 10 mpk GW0742 decreased plasma triglycerides (23% and 53%, respectively) and free fatty acids (22% and 27%, respectively), without changing total plasma cholesterol levels. GW0742 treatment increased plasma HDL 24% at 1 mpk but decreased HDL 29% at the 10-mpk dose. The HDL reduction at the higher dose may be due to the profound decreases in plasma triglyceride at this dose. Fasting insulin and glucose levels decreased progressively with 1 and 10 mpk of GW0742 and were associated with decreases in plasma levels of the adipokines leptin, MCP-1, and plasminogen activator inhibitor 1 (PAI-1), but not resistin ( Table 1) .
Quantification of Plasma GW0742 Levels. Plasma concentrations of GW0742 were measured in pooled plasma samples from mice fed a HF diet with or without GW0742 using liquid chromatographytandem MS. The plasma concentrations of GW0742 in mice treated with 1 and 10 mg/kg dose were 207.78 ng/ml (440.7 nM) and 1071.9 ng/ml (2.27 mM), respectively. Notably, the plasma concentration of the ligand at the 1 mg/kg dose would be expected to specifically activate PPAR␦ without any cross-reactivity with other PPAR isoforms because these levels are well below the reported EC 50 values for PPAR␣ (8,900 nM) and PPAR␥ (Ͼ10,000 nM) (17) . (23) . PPAR␦ ligands increase free Bcl-6 in the macrophage, suppressing MCP-1 transcription and decreasing macrophage vascular infiltration (5, 14) . At 4 weeks, atherosclerotic lesion macrophage content was markedly increased in HF/AngII vs. HF/PBS LDLR Ϫ/Ϫ mice, but GW0742 treatment reduced lesion macrophage content to levels similar to those found in HF/PBS LDLR Ϫ/Ϫ mice ( Fig. 2 A and B) . Furthermore, quantitative RT-PCR (qRT-PCR) analyses of these aorta demonstrated that AngII infusion increased expression of two macrophage marker genes, CD68 and Mac-2 (5.6-and 10-fold, respectively) ( Fig. 2C) , and that both the 1-and 10-mpk GW0742 doses markedly attenuated vascular CD68 (30% and 42%, respectively) and Mac-2 (32% and 38%, respectively) gene expression.
Similarly, as shown in Fig. 2D , AngII infusion increased the vascular expression of several proinflammatory and proatherogenic genes, including TNF-␣, IL-6, MCP-1, CCR2, VCAM-1, and osteopontin (OPN), whose expression was attenuated by GW0742 treatment (Fig. 2D ). Of note, MCP-1 and its receptor CCR-2 play significant roles in atherogenesis, because mice deficient for their expression demonstrate significantly reduced diet-induced atherosclerosis (24, 25) . OPN is also a critical mediator of AngII-accelerated atherosclerosis (26) . GW0742 had a modest effect to decrease in VCAM-1 expression at 1 mpk and no effect on ICAM-1 (data not shown). These data demonstrate that PPAR␦ agonist effectively inhibits AngIIaccelerated vascular inflammation and proatherogenic gene expression in the aorta.
PPAR␦ Activation Attenuates AngII Suppression of the Antiinflammatory Transcriptional Repressor Protein Bcl-6 in Aorta and Peripheral
Macrophages. Because PPAR␦ ligands exert significant effects on AngII-induced inflammation and PPAR␦ has been demonstrated to have direct effects on the antiinflammatory transcriptional repressor Bcl-6, we examined the effect of AngII infusion on macrophage and aorta Bcl-6 expression. qRT-PCR analyses revealed that 4 weeks of AngII infusion strongly inhibited Bcl-6 expression in both whole aorta and peritoneal macrophages ( Fig. 3 A and B; aorta: 45% reduction, P Ͻ 0.05; macrophages: 36% reduction, P Ͻ 0.01) and that 1-mpk GW0742 treatment significantly attenuated this inhibition in both macrophages and the aorta.
To further investigate the regulation of vascular inflammatory pathways by AngII and PPAR␦ and the roles of Bcl-6 and PPAR␦ in these processes, we performed in vitro studies using mouse peritoneal macrophages. We found that macrophages treated with AngII revealed a 4-fold increase in nuclear PPAR␦ protein (Fig.  3C ) but that pretreatment with 1 M GW0742 completely abolished this effect. Western blot analyses of both total and PPAR␦-bound Bcl-6 in macrophage nuclear extracts revealed that AngII tended to suppress total Bcl-6 but markedly increased PPAR␦:Bcl-6 complexes and that both GW0742 and valsartan pretreatment decreased PPAR␦:Bcl-6 binding (Fig. 3 D and E ). These data demonstrate that AngII can increase nuclear PPAR␦:Bcl-6 binding, limiting the amount of free Bcl-6 to repress the expression of inflammatory genes normally suppressed by Bcl-6. Valsartan pretreatment greatly attenuated PPAR␦:Bcl-6 binding, indicating that this effect of AngII is mediated by the angiotensin type 1 (AT-1) receptor, which mediates most of the proinflammatory actions of AngII (27) . Consistent with the change in free Bcl-6, AngIIstimulated MCP-1 expression, which is known to be regulated by Bcl-6 (28), was attenuated by GW0742 (Fig. 3F) . Similar gene expression changes were also seen for the macrophage chemoattractant OPN (Fig. 3G) .
PPAR␦ Ligand Inhibits AngII-Induced Activation of MAP Kinases.
Because AngII is known to activate MAP kinase intracellular signaling pathways to promote vascular inflammation and macrophage recruitment (27, 29) , we examined whether PPAR␦ activation alters AngII-mediated activation of MAP kinase pathways in macrophages. We found that in mouse peritoneal macrophages AngII treatment stimulated a 2-fold increase in the phosphorylation of both the p38 and ERK1/2 MAP kinases (Fig. 4) . GW0742 treatment completely abolished AngII-stimulated p38 and ERK1/2 MAP kinase phosphorylation, indicating that GW0742 has inhibitory effects on MAP kinase activity in macrophages.
PPAR␦ Inhibition of AngII Signaling Requires RGS5, a Key Regulator of
G Protein Signaling, to Inhibit AngII-Mediated MAPK Activation. To determine whether PPAR␦ regulates components of AngII signaling, we examined the effects of AngII infusion on aortic expression of the two key regulators of G protein-coupled receptor signaling, RGS4 and RGS5, in LDLR Ϫ/Ϫ mice fed a HF diet. AngII infusion for 4 weeks significantly suppressed aorta RGS4 and RGS5 mRNA levels, and this inhibition was substantially blocked by pretreatment with GW0742 (Fig. 5) . Because AngII effects can be modulated by RGS5, which attenuates G protein receptor signaling in the vasculature, we further examined whether RGS5 attenuation affects the ability of GW0742 to inhibit AngII-mediated MAPK activation. RGS5 knockdown with RGS5-specific siRNA in mouse peritoneal macrophages almost completely inhibited GW0742 suppression of ERK1/2 phosphorylation by AngII, whereas control siRNA had no effect [supporting information (SI) Fig. 6 ]. Furthermore, RGS5 knockdown in macrophages resulted in a substantial increase in both basal and AngII-induced c-fos mRNA levels, which were no longer attenuated by GW0742 (SI Fig. 6 ). These data indicate that PPAR␦ attenuation of AngII-mediated signaling is regulated at least in part by RGS5.
Discussion
The dynamic balance between lipid homeostasis and inflammation is critical to the atherogenic process and, thus, likely predicts the potential atheroprotective effects of PPAR ligands. Because PPAR␦ ligands demonstrate consistent antiinflammatory effects, we postulated that PPAR␦ ligands could significantly attenuate atherosclerosis in a proinflammatory model of accelerated atherosclerosis by decreasing vascular inflammation. Genetic and pharmacologic approaches that alter PPAR␦ activation have, however, produced diverse effects on hyperlipidemia-driven models of atherosclerosis. Paradoxically, both PPAR␦ activation with GW501516 and macrophage-specific PPAR␦ deficiency are reported to attenuate macrophage-elicited inflammation, and LDLR Ϫ/Ϫ mice transplanted with PPAR␦ Ϫ/Ϫ bone marrow demonstrate reduced atherogenesis (14) . Similarly, Li et al. (15) reported that 5 mpk of GW0742 suppressed vascular inflammatory gene expression but failed to attenuate atherosclerosis in male LDLR Ϫ/Ϫ mice fed a HF diet, whereas Graham et al. (17) found that GW0742 modestly inhibited atherosclerosis (30%) in female LDLR Ϫ/Ϫ mice fed a HF diet. GW0742 had no effect on atherosclerotic lesion expression of macrophage markers in either study. By contrast, in the present study, both 1 and 10 mpk of GW0742 substantially inhibited macrophage content and attenuated the extent of atherosclerosis in an AngII-infused HF-fed male LDLR Ϫ/Ϫ mouse model of accelerated atherosclerosis. A major reason for the potent atheroprotective effect of the PPAR␦ ligand in this proinflammatory model, in contrast to previous HF dietary mouse models, appears to be its prominent effects on vascular inflammation and macrophage recruitment into the artery wall.
We and others have shown that AngII infusion profoundly increases inflammation and accelerates atherosclerosis in hypercholesterolemic LDLR Ϫ/Ϫ mice (30) . However, despite a HF diet and the resulting changes in their lipid parameters, these mice do not develop obesity and type 2 diabetes. In the present investigation we demonstrate both mechanisms for the proinflammatory actions of AngII and an antiatherogenic mechanism through which PPAR␦ activation can suppress AngII-induced inflammation. We found that the PPAR␦ ligand GW0742 substantially inhibited vascular proinflammatory gene expression, macrophage recruitment, foam cell formation, and atherosclerosis in AngII-infused male LDLR Ϫ/Ϫ mice fed a HF diet. AngII infusion also increased PPAR␦ expression and reduced Bcl-6 expression in the aorta of this mouse model. Moreover, in vitro studies with mouse peritoneal macrophages showed that AngII suppressed both total and free Bcl-6, which was associated with both increased MCP-1 and OPN production, and that GW0742 reversed all of these effects.
We have previously demonstrated that macrophage OPN is essential for AngII acceleration of atherosclerosis, because mice transplanted with bone marrow lacking OPN had both decreased Fig. 4 . PPAR␦ activation inhibits AngII-induced phosphorylation of MAP kinases. Mouse peritoneal macrophages stimulated with AngII in the presence or absence of GW0742 were analyzed by Western blot for MAP kinase activation. Activation of p38 (A) and ERK1/2 (B) was measured by the levels of phosphorylated p38 (pp38) and ERK1/2 (pERK1/2) normalized to total p38 and ERK1/2. n ϭ 3 per group. * , P Ͻ 0.05 vs. AngII by ANOVA. Fig. 5 . PPAR␦ activation inhibits AngII-mediated G protein signaling and suppression of RGS4 and RGS5 in macrophages. AngII infusion inhibits aorta RGS4 (A) and RGS5 (B) expression, and this effect is reversed by GW0742. Aorta RNA was analyzed by qRT-PCR, and RGS4 and RGS5 mRNA levels were normalized to GAPDH. Data are mean Ϯ SD (n ϭ 5 per group). * , P Ͻ 0.001 vs. HF/PBS; ** , P Ͻ 0.05 vs. HF/AngII (by ANOVA).
macrophage infiltration and enhanced macrophage apoptosis leading to decreased vessel accumulation of macrophage foam cells (26) . In the present study, the effect of GW0742 to decrease aortic OPN and MCP-1 expression, which leads to decreased macrophage accumulation, likely contributes to its antiatherosclerotic effects. In recent studies, we found that AngII-infused LDLR Ϫ/Ϫ mice transplanted with PPAR␦ Ϫ/Ϫ bone marrow have increased aortic OPN and MCP-1 expression compared with wild-type control mice and that PPAR␦ ligand treatment does not affect these genes in the absence of macrophage PPAR␦ (R.K.T., A.R.C., and W.A.H., unpublished results). These observations suggest that at least a subset of ligand effects depends on macrophage PPAR␦.
In this study we also provide evidence that AngII modulates RGS4 and RGS5 expression in the aorta. RGS proteins play important roles in the regulation of G protein-coupled receptor signaling by binding to the active G subunits and stimulating GTP hydrolysis, thus switching off G protein signaling (31) . Both RGS4 and RGS5 have been reported to be negative regulators of AngII signaling through the AT1 receptor (32, 33) , suggesting that AngII can enhance its own signaling by down-regulating RGS4 and RGS5. Barish et al. have shown that PPAR␦ ligands increase RGS4 and RGS5 expression in the aorta (7, 34) . Similarly, we found that GW0742 prevented the AngII-induced down-regulation of RGS4 and RGS5 in the aorta and inhibited AngII activation of macrophage p38 and ERK1/2 MAP kinases, as well as downstream c-fos activation (data not shown). Furthermore, RGS5 siRNA inhibited PPAR␦ attenuation of AngII-induced activation of p38 and ERK1/2 MAP kinases in mouse peritoneal macrophages and increased c-fos expression, suggesting that the antiinflammatory effect of PPAR␦ is partially mediated by RGS5 activity. Significantly, c-fos binding to AP-1 elements is known to enhance expression of a variety of proinflammatory genes, such as TNF-␣, IL-6, and MCP-1, which we found to be down-regulated in the aorta of these mice by GW0742. Thus, these results underscore a mutually antagonistic relationship between AngII and PPAR␦ activation on inflammatory processes and demonstrate the physiologic relevance of these novel relationships in vivo.
AngII infusion significantly increased aorta PPAR␦ expression, which localized predominantly to macrophage-rich lesions and vascular smooth muscle cells. Unliganded PPAR␦, which is considered to be proatherogenic, binds Bcl-6, reducing the amount of free Bcl-6 available to suppress MCP-1 transcription and resulting in increased MCP-1 expression (14, 35) . In mouse peritoneal macrophages, AngII decreased free Bcl-6 by (i) decreasing Bcl-6 expression, (ii) increasing PPAR␦ levels, and (iii) augmenting the fraction of Bcl-6 bound to PPAR␦. AngII-induced reductions in free Bcl-6 were associated with increased macrophage MCP-1 and OPN expression, suggesting that Bcl-6 regulates both OPN and MCP-1 expression, especially because mouse macrophages deficient in Bcl-6 express higher levels of OPN and MCP-1 (G.D.B., R.K.T., W.A.H., and R.M.E., unpublished results).
PPAR␦ activation has been suggested to induce ABCA1 and ABCG1, key genes in the process of reverse cholesterol transport (7, 12, 36) . However, the overall impact of PPAR␦ activation in macrophage cholesterol homeostasis remains controversial. The PPAR␦ ligand GW501516 was reported to increase expression of ABCA1 and induce apoAI-specific cholesterol eff lux from human THP-1 cells. Vosper et al. (37) showed that another PPAR␦ ligand induced expression of scavenger receptors (SR-A and CD36) involved in lipid accumulation in macrophages. We observed no changes in LXR␣, ABCA1, ABCG1, or CD36 expression in aorta or peritoneal macrophages after GW0742 treatment (data not shown). Consistent with our data, Lee et al. (14) demonstrated that neither PPAR␦ deletion nor activation affected macrophage cholesterol eff lux or accumulation. Similarly, data from Li et al. (15) also suggest that PPAR␦ has no significant role in macrophage cholesterol homeostasis. Based on these data, PPAR␦ appears to mediate its antiatherogenic effects predominantly through inhibition of vascular inf lammation and macrophage recruitment rather than through regulation of macrophage cholesterol homeostasis.
These results underscore the antiinflammatory actions of PPAR␦ that, via regulation of Bcl-6 expression and the RGS pathway, work in concert to inhibit AngII-induced atherosclerosis. Current approaches to RAAS inhibition include direct renin inhibition, angiotensin-converting enzyme inhibition, AT1 receptor blockade, and mineralocorticoid receptor inhibition. These approaches are often used in combination for added clinical benefit (38) . It has been suggested that obese subjects have increased RAAS activity, in part because of increased angiotensin secretion from adipose tissue, which may contribute to hypertension and the metabolic syndrome (18, 19, 22) . The actions of PPAR␦ activation to promote weight loss, increase energy expenditure, promote insulin sensitivity, and improve dislipidemia, as well as its newly identified action to inhibit AngII-induced inflammation, make it an attractive therapeutic target for the metabolic syndrome.
Materials and Methods
Animal Experiments. LDLR Ϫ/Ϫ mice were obtained from The Jackson Laboratory. Mice (3 months of age) were fed a chow diet, a HF diet (Western Diet D12079B; protein, 17 kcal%; carbohydrate, 43 kcal%; fat, 41 kcal%; Research Diets), or a HF diet supplemented with the synthetic PPAR␦ agonist GW0742 (1 or 10 mpk per day, kindly provided by GlaxoSmithKline) for 4 weeks. GW0742 is a highly potent and selective PPAR␦ agonist with an EC50 value of 50 nM for mouse PPAR␦ compared with 8,900 nM for mouse PPAR␣ and Ͼ10,000 nM for mouse PPAR␥ (17) . Mice were infused with AngII or PBS through s.c. implantation of osmotic minipumps (Alza) containing AngII (2.5 g/kg per minute) in PBS or PBS alone for 4 weeks. Blood pressure was measured weekly for the duration of the study. All animal procedures were approved by the University of California, Los Angeles, Animal Research Committee. Plasma samples were collected after overnight fasting. Total cholesterol, HDL, triglycerides, and free fatty acids were analyzed by using enzymatic methods (Wako Chemicals). Blood glucose was measured by a one-touch glucose monitoring system. Insulin and adipokines were measured by using ELISA kits (Linco). Plasma concentrations of GW0742 were measured from pooled mouse plasma by using liquid chromatography-tandem MS as described by Barish et al. (7) , with minor modifications.
Quantification of Atherosclerosis and Immunohistochemistry.
Mice were killed and perfused with 7.5% sucrose in paraformaldehyde. Aortas were dissected, pinned out, and stained with Sudan IV. Images were captured with a Sony 3-CCD video camera and analyzed by using ImagePro image analysis software. The extent of lesion development is expressed as the percentage of the total aortic surface covered by lesions (39) . Aortic immunocytochemical analyses were performed with antibodies specific for Mac-2, CD68, and PPAR␦.
Reverse Transcription and qRT-PCR. PPAR␦, TNF-␣, IL-6, MCP-1, CCR2, OPN, CD44, ICAM-1, VCAM-1, CD68, and Mac-2 mRNA expression in the whole aorta was measured by using qRT-PCR. The RNA from the whole aorta was isolated 4 weeks after treatment by using RNeasy kit DNase (Qiagen), then reverse-transcribed into cDNA by using a TaqMan Reverse Transcription Reagent kit (Applied Biosystems) and a TaqMan PCR Core Reagent Kit (Applied Biosystems). Each sample was analyzed in triplicate and normalized to values for GAPDH mRNA expression by using TaqMan Rodent GAPDH Control Reagent (Applied Biosystems).
Macrophage Isolation and Treatment. Mouse peritoneal macrophages were isolated 4 days after injection of 4% thioglycolate. Cells were seeded in RPMI medium 1640 supplemented with 10% FBS for 4 h and then rinsed and then maintained in RPMI medium 1640 supplemented with 0.4% FBS for 24 -48 h. After pretreatment with GW0742 for 1 h, the cells were stimulated with AngII for 15 min for MAP kinase phosphorylation studies or for 48 h for Bcl-6 -PPAR␦ protein expression and interactions.
Immunoprecipitation and Western Blot Analyses. To examine interactions between PPAR␦ and Bcl-6, nuclear protein was isolated from mouse peritoneal macrophages after treatments as described by using a Nuclear Extraction Kit from Panomics. Nuclear protein was immunoprecipitated with an anti-PPAR␦ antibody (Afffinity Bioreagents) for 1.5 h at 4°C. The nuclear protein-antibody complex was then incubated with magnetized Protein G Dynabeads (Invitrogen) for 45 min at room temperature. After extensive washing of the beads, bound proteins were eluted and analyzed by Western blot. For MAPK phosphorylation studies, whole-cell lysates were prepared from cells treated as described and Western blot analyses were performed. The levels of p38 and ERK phosphorylation were measured by using anti-phospho-p38 and anti-phospho-ERK antibodies by chemiluminescence detection (Cell Signaling Technology). Bcl-6 and PPAR␦ protein expression levels were determined by Western blot analyses using anti-PPAR␦ antibody (Affinity Bioreagents) and an anti-Bcl-6 antibody (Santa Cruz Biotechnology). The immunoblots were hybridized with anti-TATA binding protein antibody (Abcam) to monitor equivalent loading in different lanes.
